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electrical supply to at least one conductor via a diode
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junction of the transistor in series between the conduc-
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1
CURRENT LIMITING CIRCUIT ARRANGEMENTS

This invention relates to circuit arrangement, and in

particular to circuit arrangements each with at least one
device to be at least partially protected from damage by
an excessive current therethrough, greater than the
desired operating current for the device.

Such an excessive current may be caused by an inad-
vertent short circuit within the circuit arrangement, or
because of a faulty component of the circuit arrange-
ment, or because of an inadvertent short circuit between
the circuit arrangement and associated circuitry in a
closely-packed assembly, or because of a fault in associ-
ated connected circuitry.

It is known, for example, to protect a device from an
excessive current flow therethrough by providing cur-
rent limiting resistors at each terminal of the device.
However, this way of protecting each device of a cir-
cuit arrangement may be undesirably complex. It is an
object of the present invention to provide for such a
circuit arrangement a simple and convenient way of at
least partially protecting the device within the circuit
arrangement from damage due to an excessive current
flow through the device; and/or such that the protected
circuit arrangement can be embodied in a monolithic
semiconductor body; and/or such that monitoring fault
conditions in the circuit arrangement is facilitated.

According to the present invention in a circuit ar-
rangement to be connected to an electrical supply and
having a supply conductor and a return conductor,
respectively, to be maintained at a first and a second
reference potential level, and between the conductor
there being connected at least one device to be at least
partially protected from damange by an excessive cur-
rent flow therethrough, also has connected to one such
conductor current limiting means including a diode and
a transistor, with the diode and the base-collector junc-
tion of the transistor to be in series between the conduc-
tor and the electrical supply for the conductor, and the
emitter to be connected via a resistor to a point to be
maintained at a third reference potential level, the tran-
sistor to be connected in a grounded-base configuration
with the maximum possible collector current defined by
the maximum possible emitter current, with the maxi-
mum possible emitter current in turn defined by the
magnitude of the resistor and the difference between the
third reference potential level and the potential level of
the emitter, the diode being provided to block any pos-
sible forward collector-base current, by the diode be-
coming reverse-biased and the potential level of the
associated conductor rising above the required refer-
ence value. |

The maximum possible collector current is arranged
to be above the desired operating current through the
device under normally-encountered operating condi-
tions, but less than at least some excessive currents
which will damage the device when flowing there-
through. |

The current limiting means referred to above has an
advantageously simple form, and readily may be pro-
vided within a circuit arrangement.

The form of the current limiting means is such that
the potential difference across the diode is substantially
equal in magnitude, and of opposite sense, to the poten-
tial difference across the collector-base junction of the
transistor. Hence, the associated conductor of the cir-
cuit arrangement, under normally-encountered operat-
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ing conditions, is substantially at the potential level of
the terminal of the electrical supply to which the con-
ductor is connected via the current limiting means.

The current limiting means is to be connected to an
associated electrical supply to maintain the point at the
third reference potential level.

For a predetermined circuit arrangement, which if in

a closely packed assembly is associated with predeter-
mined circuitry, it is possible to envisage the most ex-
treme conditions inadvertently may be applied to the
circuit arrangement, or inadvertently may occur within
it, and hence it may be possible to design the circuit
arrangement to give a required degree of protection for
the device of the circuit arrangement from damage
because of an excessive current flow therethrough
under any such extreme condition. It is advantageous if,
according to the present invention, it is only possible
partially to protect the device from damage. In any such
circuit arrangement there is a maximum possible current
flow through the device. ; :
- The current limiting means usually, but not inevita-
bly, will be employed in combination with means at
least partially to protect the circuit arrangement from
damage due to the application thereto of an excessive
potential level under any of the conditions it is envis-
aged inadvertently may be applied to the circuit ar-
rangement.

Further, the circuit arrangement has inherent fail-safe
properties, and at least partial protection for the device
from damage caused if the transistor of the current
limiting means fails, or if any one of the associated elec-
trical supplies providing the reference potential levels
fails, or if there is a faulty component in the circuit
arrangement, is provided. _'

These features facilitate the assembling of the circuit
arrangement, and provide at least partial protection
from inadvertent damage to the constituent components
during the assembling of the circuit arrangement.

Usually only one current limiting means, connected
to only one conductor of the circuit arrangement, will
be provided if an excessive current flow, which will
damage the device, is not likely to occur between the
other conductors and the device.

If both the supply conductors and the return conduc-
tors of the circuit arrangement are connected individu-
ally to different current limiting means, the two transis-
tors of the two current limiting means are of opposite
conductivity type, the emitter of the transistor of the
further current limiting means is to be connected, via a
resistor, t0 a point maintained at a fourth reference
potential level of opposite polarity to that of the third
reference potential level; and the bases of the two tran-
sistors may be connected to the opposing terminals of
the associated electrical supply for the circuit arrange-
ment and to be connected to the conductors via the two
current limiting means. In relation to the two current
limiting means it is not essential that the resistors should
have the same magnitude, nor that the differences be-
tween the potential levels of the associated conductor
and of the emitter are the same, nor that the maximum
possible collector currents are the same. Usually, how-
ever, the maximum possible collector currents, at least,
will be the same.

Whilst current limiting means of the form referred to
above may be employed in combination with any type
of device required to be at least partially protected from
damage by an excessive current flow therethrough, a
circuit arrangement including such current limiting
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means is particularly suitable when the device con-
nected between the conductors comprises a comple-
mentary MOS device. Such a device usually 1s operated
with a high impedance load, is energised by a low cur-
rent supply, is damaged by a current of a similar order
of magnitude as the satisfactory energisation current for
the device, tends to be damaged by an excessive current
which may be produced when the circuit arrangement
is switched OFF, and usually the device has a complex
construction with many closely-spaced terminals, with
a propensity for short circuits to occur between the
terminals. Such a device inherently, or otherwise, in-
cludes at least one diode, and possibly also a resistor,
which serve to provide some protection from damage
for the device when excessive voltages are inadver-
tently applied to the device. However, such protection
usually does not prevent damage due to an excessive
current which may be encountered, and when flowing
through the device. The circuit arrangement of the
form according to the present invention is advanta-
geously employed in combination with any such built-in

. protective means of a complementary MOS device.

A plurality of devices, and possibly more than one
type of device, may be provided within the circuit ar-
rangement according to the present invention, each
such device to be at least partially protected from dam-
age by an excessive current flow therethrough by the
current limiting means. When more than one device 1s
provided within a circuit arrangement, and irrespective
of whether the constituent devices are of one type, or
not, common current limiting means may be provided
for more than one constituent device, and the arrange-
ment may be such that the associated device most likely
to be damaged by an excessive current flow there-
through is at least partially protected by the current
limiting means. However, even if the maximum possible

current flow in such a circuit arrangement is sufficient
to energise all the devices, and especially if many de-

vices are provided, usually it will be convenient to
divide the circuit arrangement into sections, with each
section having at least one device to be at least partially
protected from damage by an excessive current flow
therethrough. Further, it will be essential to divide the
circuit arrangement into sections if at least one constitu-
ent device is required to be at least partially protected
from a current flow of a magnitude not significantly less
than the desired operating current for another constitu-
ent device. When the circuit arrangement is so divided
into sections each section is provided with at least one
conductor and associated current limiting means which
are not common with at least one other section. Thus,
two different maximum possible currents may be associ-
ated with at least two different sections of such a circuit
arrangement. Either conductor of a section, and associ-
ated current limiting means, if provided, may be com-
mon to more than one section of the circuit arrange-
ment. Conveniently, a common electrical supply, at
least for the conductor, is provided for the different
sections of the circuit arrangement.

According to another aspect the present invention
comprises a semiconductor device with a circuit ar-
rangement referred to above embodied in a monolithic
semiconductor body. The simplicity of the current lim-
iting means of the circuit arrangement according to the
present invention implies that it is particularly adapted
to be embodied in the same monolithic semiconductor

body as the device to be at least partially protected by
the current limiting means.
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A circuit arrangement according to the present in-
vention is also advantageous in that 1t facilitates the
monitoring of fault conditions within the circuit ar-
rangement, or within associated circuitry. Thus, ac-
cording to yet another aspect of the present invention a
method of monitoring fault conditions comprises de-
tecting unexpected magnitudes of current, and/or of
potential, at predetermined positions within a circuit
arrangement referred to above. In particular, a fault
condition may be determined by detecting the current
flow in a conductors of the circuit arrangement associ-
ated with current limiting means, the detection of the
presence of the maximum possible current flow in the
conductors rail being indicative of the presence of a
fault condition within the circuit arrangement.

The present invention will now be described by way
of example with reference to the accompanying draw-
ing, which is a circuit diagram of an arrangement com-
prising one embodiment according to the present imnven-
tion, and including an inverter comprising part ot a
conventional complementary MOS (C.MOS) semicon-
ductor device embodied in a monolithic semiconductor
body.

The illustrated circuit diagram shows a C.MOS de-
vice, including an inverter, connected to a supply con-
ductors 10, and to a return conductors 11, and compris-
ing an N channel insulated-gate field-effect transistor
(IGFET) Q1, and a P channel IGFET Q2. The sub-
strates of the complementary IGFET’s are connected
to the sources, the source of the IGFET Q1 1s con-
nected to the return conductors 11, and the source of
the IGFET Q2 is connected to the supply conductors
10. The gates of the two complementary IGFET’s are
connected together, and the drains of the two IGFET’s
are also connected together. The device includes inher-
ent diode-resistor protection means, comprising diodes

D3 to D8, and a resistor R3, to protect the device from
excessive potential levels which inadvertently may be

applied thereto. For convenience, a reference to one
part of the circuit arrangement being connected via a
diode to another part of the circuit arrangement will be
used to indicate that the diode anode is connected to
said one part, and the diode cathode is connected to said
other part. Thus, the input 1/P of the inverter 1s con-
nected to the IGFET gates via the resistor R3, and 1s
connected to the supply conductors 10 via the diode
D3. A point intermediate between the resistor R3 and
the gates of the IGFET’s is connected to the supply
conductors 10 via the diode D4, and the return conduc-
tors 11 is connected to to this intermediate point via the
diode D5. The output O/P of the inverter is connected
to the drains of the IGFET’s. The drains are also con-
nected to the supply conductors 10 via the diode D6,
and the return conductors 11 is connected to the dratns
via the diode D7. The return conductors 11 is con-
nected to the supply conductors 10 via the diode DS.
The supply conductors 10 is to be maintained at a first
reference potential level of 410 volts, and the return
conductors 11 is to be maintained at second reference
potential level of 0 volts, under normal operating condi-
tions for the circuit arrangement.

In the normal operation of the circuit arrangement
the 1/P of the illustrated part of the C.MOS device
changes between two possible potential levels of 410
volts and O volts. In response, the O/P changes, respec-
tively, between two possible potential levels of 0 volts
and + 10 volts. It is possible for the 1/P and the O/P to
be linked to either the supply conductors 10 or to the
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return conductors 11, respectively, when at the higher
or lower of the two possible potential levels.

The C.MOS device is energised by a conventional
shunt-stabilised electrical supply 12 connected between
the supply conductors 10 and the return rail 11. A
smoothing capacitor C1 is connected in parallel w1th
the electrical supply 12.

Although the voltage stabilised electrical supply 12,
and the protective arrangement of the diodes D3 to DS
and resistor R3, are provided, it is possible to damage
the C.MOS device by an inadvertent, excessive current
flow therethrough. A CMOS device particularly is
liable to be so damaged because usually it is operated
with a high impedance load, is energised by a low cur-
rent supply, is damaged by a current of a similar order
of magnitude as the satisfactory energisation current for
the device, tends to be damaged by an excessive current
flow which may be produced when the circuit arrange-
ment 1s switched OFF, and usually the device has a
complex construction with many closely-spaced termi-
nals, with a propensity for short circuits to occur be-
tween the terminals.

However, according to the present invention damage
to the C.MOS device because of an excessive current
flow therethrough is prevented by providing current
limiting means between the voltage stabilised electrical

supply 12 and each of the supply conductors 10 and the

return conductors 11.

The current limiting means between the electrical
supply 12, and the supply rail 10 comprises a PNP tran-
sistor VT1, the base of which transistor is connected to
the electrical supply 12. The emitter of the transistor
VT1 1s connected via a resistor R1 to a point 16 main-
tained at a third reference potential level higher than
that of the supply rail 10, for example, 415 volts, by
electrical supply means (not shown). The collector of
the transistor VT1 is connected in a grounded-base
configuration with the maximum possible collector
current from the supply rail 10 being defined by the
maximum possible emitter current, the maximum possi-
ble emitter current in turn being defined by the magni-
tude of the resistor R1 and the difference between the
third reference potential level of the point 16 and the
potential level of the emitter.

If any current tries to flow in the reverse direction,
from the collector to the base of the transistor VT1, the
diode D1 becomes reverse-biased, blocking the current.
In consequence, the potential level of the supply con-
ductors rises to a value above its normally-encountered
operating reference value.

Similar current limiting means, comprising an NPN
transistor VT2, resistor R2 and diode D2, is connected
between the electrical supply 12 and the return conduc-
tors 11. In this case the return conductors 11 is con-
nected via the diode D2 to the collector of the transistor
VT2, and the emitter of the transistor VT2 is connected
to a point 17 maintained at fourth reference potential
level of —15 volts by electrical supply means (not
shown). The maximum possible coliector current to the
return conductors 11 is defined by the maximum possi-

ble emitter current, which in turn is defined by the

magnitude of the resistor R2 and the difference between
the fourth reference potential level of the point 17 and
the potential level of the emitter of the transistor VT2.

If any current tries to flow from the base to the col-
lector of the transistor, the diode D2 becomes reverse-
biased, blocking the current. In consequence, the poten-
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tial level of the return conductors rises to a value above
its normally-encountered operating reference value.

The maximum possible collector current to the return
conductors 11 is defined by the maximum possible emit-
ter current, which in turn is defined by the magnitude of
the resistor R2 and the difference between the reference
potential level of the point 17 and the potential level of
the emitter of the transistor VT2.

The diodes D1 and D2, in addition to preventing the
collector-base junctions of the transistors VT1 and VT2
becoming shorted, are advantageous because the poten-
tial difference across each diode is substantially equal in
magnitude, and of opposite sense, to the potential differ-
ence across the collector-base junction of the associated
transistor. Hence, the associated conductors 10 or 11,
under normally-encountered operating conditions for .
the circuit arrangement, is substantially at the potential
level of the terminal of the electrical supply 12 to which
the conductors is connected via the current limiting
means.

In one particular embodiment the C.MOS device
would be damaged by an excessive current flow greater
than 10 milliamperes therethrough. The maximum pos-
sible collector current of either transistor VT1 or VT2
1s arranged to be this value, and the maximum possible
current in the emitter circuit of either transistor VT1 or.
VT2 1s arranged to be approximately 10 milliamperes,
and above the desired operating current through the
C.MOS device under normally encountered operating
conditions. - |

One condition under which it is p0531b1e to damage
the C.MOS device by an excessive current flow there-
through, if the circuit arrangement had not been pro-
vided with the current limiting means associated with
each conductors 10 and 11, will now be considered as
being applied to the circuit arrangement. _.

If the 1/P of the inverter inadvertently is at a higher =
positive potential level than the supply conductors 10, :
for example, at a potential of + 60 volts, diode D3 con-
ducts with a current I, therethrough. The current flow
to the transistor VT1 of the current limiting means is
negligible, the diode D1 becoming reverse biased, with
the supply conductors potential level rising to 459
volts. A maximum possible emitter current Isflows from
the point 16 to the transistor VT1, and a current I, -
equal in magnitude to the current I;, flows from the
transistor VT1 to the electrical supply 12, this magni-
tude being equal to 10 milliamperes approximately. The -
component I; of the current flowing into the 1/P of the
device 18 equal to the leakage current I, through the
device. The remainder of the current I, flowing into the
1/P flows through the resistor R3 because the diode D5
goes Into avalanche breakdown. This current I, flows
via the return conductors 11 to the point 17, and is
limited to 10 milliamperes by the current limiting means
associated with the return conductors. The potential
level of the return conductors rises to +34.7 volts. The .
current Is flowing to the point 17 is equal to I, plus a
small current I, flowing from the electrical supply 12 to
the base of the transistor VT2, the maximum possible

emitter current I being limited to 10 mllllamperes ap-
proximately. |

Similarly, for other possible extreme conditions
which may be applied to the circuit arrangement, a
current greater than 10 milliamperes cannot flow
through the C.MOS device.

Such possible extreme conditions arise because of an
inadvertent short circuit within the circuit arrangement,
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or because of a faulty component of the circuit arrange-

ment, or because of an inadvertent short circuit between

the circuit arrangement and associated circuitry, or
because of a fault in associated connected circuitry.
With predetermined associated circuitry it is possible to
envisage the most extreme conditions which inadver-
tently may be applied to any point of the circuit ar-
rangement, for example, a voltage of +60 volts. This,
together with a knowledge of the circuit arrangement
itself, and of the possible internal faults which may
occur, implies that it may be possible to design the
circuit arrangement to give complete protection for the
C.MOS device from damage because of an excessive
current flow therethrough under any such conditions.

It 15 also advantageous if, according to the present

invention, it is only possible partially to protect the

device from damage, because of an excessive current
flow therethrough, under certain of the extreme condi-
tions it is possible inadvertently may be applied to the
circuit arrangement. Hence, it may be possible to design

the circuit arrangement to give a required degree of

protection for the device. In such a circuit arrangement,

also, there is a maximum possible current flow through
the device.

It 1s not essential that the resistors R1 and R2 of the
current limiting means should have the same magnitude,
nor that the potential differences between the points 16
and 17 and the associated conductors 10 and 11, respec-
tively, have the same magnitude, nor that the maximum
possible collector currents of the two current limiting
means have the same value. Usually, however, the max-
imum possible collector currents, at least, will be the
same. | | |

Current limiting means may be associated with only

one conductors of the circuit arrangement if an exces-
sive current flow which will damage the device is not

likely to occur between the other conductors and each
device. |

The device of the circuit arrangement may not com-
prise a semiconductor device.

The circuit arrangement according to the present
Invention, and described above, and having the current
limiting means, has only one device. However, a plural-
ity of devices, which may be of more than one type,
may be energised by a common stabilised voltage sup-
ply means, and may be protected by the described cur-
rent limiting means being arranged to be common to
each such device, especially if each such constituent
device 1s required not to have a current greater than the
same value flowing therethrough.

If a large number of devices, which may be of more
than one type, are required to be energised from a com-
mon stabilised voltage supply means, and/or if different
devices are required to be protected from different
current magnitudes flowing therethrough, the devices
may be separated into sections. Each such section indi-
vidually has associated with it a supply conductor and-
/or a return conductor, and may have current limiting
means associated with each provided conductor. At
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When the circuit arrangement has more than one
type of device, the device most likely to be damaged is
protected from an excessive current flow therethrough.
Even if the maximum possible current flow through the
device most likely to be damaged is sufficient to ener-
gise all the devices, it may be convenient to divide the
circuit arrangement into sections as referred to above.
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This division of the devices into sections 1s essential if,

alternatively, at least one of the constituent devices is
required to be protected from a current flow of a magni-

tude not significantly less than the desired operating

current for another device.

Different maximum possible currents may be associ-
ated with the different sections of a circuit arrangement
sO constructed.

Conveniently, a common electrical supply, at least
for the conductors, is provided for the sections.

In any circuit arrangement according to the present
invention it may be possible to monitor any fault condi-
tion in the circuit arrangement, or in associated cir-
cuitry. Thus, for example, merely by detecting a maxi-
mum possible current flow in one of the rails associated
with current limiting means it may be possible to moni-
tor a fault condition. Further, it may be possible to
detect the position of the fault within the circuit ar-
rangement by monitoring the potential level and/or
current flow at predetermined positions within the cir-
cuit arrangement.

A circuit arrangement according to the present in-
vention has inherent fail-safe properties, and at least
partial protection for a device from damage caused if
either of the transistors VIT1 or VT2 of the current
Iimiting means fail, or if any one of the associated elec-
trical supplies providing the reference potential levels
fails, or if there is a faulty component in the circuit
arrangement, is provided.

These features facilitate the assembly of the circuit
arrangement, and provide at least partial protection
from 1nadvertent damage to the constituent parts of the
circuit arrangement during the assembling of the circuit
arrangement.

The current limiting means described above has an
advantageously simple construction. In particular, con-

veniently, the circuit arrangement, including the cur-
rent limiting means, may be embodied in a monolithic
semiconductor body.

The electrical supplies to be connected to the circuit
arrangement may have any conventent form.

It may not be essential that a circuit arrangement
according to the present invention has voltage protec-
tion means.

Voltage protection means when provided may not be
an inherent feature of the construction of the device.

What we claim is:

1. A circuit arrangement to be connected to an elec-
trical supply and having a supply conductor and a re-
turn conductor, respectively, to be maintained at a first
and a second reference potential level, and between the
conductors there being connected at least one device to
be at least partially protected from damage by an exces-
sive current flow therethrough, and also having con-
nected to one such conductors current limiting means
including a diode and a transistor, with the diode and
the base-collector junction of the transistor to be in
series between the conductors and the electrical supply
for the conductors, and the emitter to be connected via
a resistor to a point to be maintained at a third reference
potential level, the transistor to be connected in a
grounded-base configuration with the maximum possi-
ble collector current defined by the maximum possible
emitter current, with the maximum possible emitter
current in turn defined by the magnitude of the resistor
and the difference between the third reference potential
level and the potential level of the emitter, the diode
being provided to block any possible forward collector-
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base current, by the diode becoming reverse-biased and
the potential level of the associated conductors rising
above the required reference value.

2. A circuit arrangement as claimed in claim 1 in
which both the supply conductor and the return con-
ductor are connected individually to different current
limiting means, the two transistors of the two current
limiting means are of opposite conductivity type, the
emitter of the transistor of the further current limiting
means is to be connected, via a resistor, to a point main-
tained at a fourth reference potential level of opposite
polarity to that of the third reference potential level.

3. A circuit arrangement as claimed in claim 2 in
which the bases of the two transistors of the two current
limiting means are to be connected to the opposing
terminals of the associated electrical supply for the
circuit arrangement and to be connected to the conduc-
tors via the two current limiting means.

4. A circuit arrangement as claimed in claim 2 and
arranged such that the maximum possible collector
currents for each of the two current limiting means are
the same.

5. A circuit arrangement as claimed in claim 1 in
which the device comprises a complementary MOS
device. |

6. A circuit arrangement as claimed in claim 1 in
which a plurality of devices are provided within the
circuit arrangement each to be at least partially pro-
tected from damange by an excessive current flow
therethrough by the current limiting means.

7. A circuit arrangement as claimed in claim 6 in
which more than one type of device is provided within
the circuit arrangement each to be at least partially
protected from damage by an excessive current flow
therethrough by the current limiting means.

8. A circuit arrangement as claimed in claim 6 in
which common current limiting means is provided for
more than one constituent device.
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9. A circuit arrangement as claimed in claim 6 in
which the circuit arrangement is divided into sections,
with each section having at least one device to be at
least partially protected from damage by an excessive
current flow therethrough, and each section is provided
with at least one conductor and associated current limit-
Ing means not common with at least one other section.

10. A circuit arrangement as claimed in claim 9 in
which the arrangement is such that two different maxi-
mum possible currents associated with at least two dif-
ferent sections.

11. A semiconductor device comprising embodied in
a monolithic semiconductor body a circuit arrangement
to be connected to an electrical supply and having a
supply conductor and a return conductor, respectively,
to be maintained at a first and a second reference poten-
tial level, and between the conductors there being con-
nected at least one device to be at least partially pro-
tected from damage by an excessive current flow there-
through, and also having connected to one such con-
ductors current limiting means including a diode and a
transistor, with the diode and the base-collector junc-
tion of the transistor to be in series between the conduc-
tors and the electrical supply for the conductors, and
the emitter to be connected via a resistor to a point to be
maintained at a third reference potential level, the tran-
sistor to be connected in a grounded-base configuration
with the maximum possible collector current defined by
the maximum possible emitter current, with the maxi-
mum possible emitter current in turn defined by the

- magnitude of the resistor and the difference between the

third reference potential level and the potential level of
the emitter, the diode being provided to block any pos-
sible forward collector-base current, by the diode be-
coming reverse-biased and the potential level of the
associated conductors rising above the required refer-

ence value.
- % * - *
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